Gastrooesophageal reflux disease (GERD) is very common in the western world with 10-20% of the population suffering from reflux symptoms at least weekly [1, 2] 
In inflamed mucosa, upregulation of cytokines and other proinflammatory gene products has been found, e.g. interleukin-8 (IL-8), cyclooxygenase-2 (Cox-2) and nuclear factor kappa B (NF-B)
. Interestingly, Isomoto et al. found upregulated expression and increased content of IL-8 and NF-B in non-inflamed oesophageal mucosal biopsies of NERD patients as well [12] . [14, 15] . [12, 11] . Furthermore, insight into the effect of the extent of acid exposure on mRNA expression may be gained by comparing proximal and distal transcription in the oesophagus. Weusten et al. showed that acid exposure to the oesophageal lining decreases dramatically when a pH-probe is positioned more proximally in the oesophagus. This was shown in healthy volunteers and GERD patients [16, 17] .
Inflammatory processes, however, are not the initial reaction of oesophageal epithelium to acid. Non-inflamed oesophageal epithelium possesses a number of defence mechanisms against acid. Inside the epithelial layer, structural and functional defences provide protection against damage by reflux, e.g. the different junctional complexes between cells (tight junctions (TJs), adhering junctions (AJs) and desmosomes), intercellular glycoconjugates with buffering properties and the epithelial transport proteins that regulate pH and buffering [13]. At a light microscopic level, macroscopically non-inflamed epithelium from GERD patients can display various characteristics, including submucosal papillary elongation, basal layer hyperplasia, infiltration of inflammatory cells, glycogenic acanthosis, hyperemia of the submucosa, thickening of the basement membrane and dilated intercellular spaces

The extent of acid exposure may affect the transcriptional response of the oesophageal epithelium. This assumption can be addressed by studying the effect of PPI therapy on transcription. So far, changes in mRNA expression resulting from PPI therapy have only been determined in oesophageal epithelium containing inflitrates of inflammatory cells
This study aimed, therefore, to investigate the influence of acid reflux on gene expression in non-inflamed oesophageal mucosa of GERD patients with pathological oesophageal acid exposure, using genome-wide mRNA expression analysis.
Materials and methods
Patients
From the patients visiting the gastroenterology department at our hospital with recurrent heartburn, acid regurgitation and/or non cardiac chest pain, for at least 2 days per week, lasting 3 months or more, for whom diagnosis of GERD was established by 24- 
Questionnaires
All patients completed a questionnaire assessing reflux symptoms (heartburn, regurgitation, retrosternal pain and belching) in the 2 weeks prior to endoscopy, modeled after the validated Nepean symptom score [18] . 
Sample collection
Results
Subjects
The characteristics of the patients and controls are shown in Table 1 
Differentially expressed genes Microarray mRNA expression profiling
The results from the microarray mRNA expression profiling are summarized in Table 2 . The raw data are available as CEL files 
Cell-cell contacts
Migration is accompanied by changes in cell-cell contacts. Intercellular adhesion is mediated by junctional complexes, consisting of the apical tight junctions (TJs), essential for epithelial barrier function, the subapical adherens junctions (AJs) and the basolateral desmosomes. Junctional complexes are linked to cytoskeletal filaments. AJs have a critical role both as sensors of extracellular stimuli and in regulating the dynamics of epithelial cell layers. Several genes with functions in cell-cell contacts
were deregulated, they are specified in Appendix S1. [25] .
Epithelial restitution
Cytoskeletal rearrangements, migration and regulation of intercellular adhesion can be linked to a process known as epithelial restitution. This is a repair mechanism whereby epithelial continuity is restored and barrier function maintained after superficial injury to the mucosa [21, 22]. During the process of restitution, cells bordering the zone of injury undergo junctional disassembly and flatten. This is viewed as a shift to a migratory phenotype driven by cytoskeletal rearrangements. The flattened migratory epithelial cells spread forward by extending pseudopod-like structures known as lamellipodia, thereby covering the defect in the epithelial layer. Subsequently, cell-cell contacts are re-established and normal cell shape and phenotype is retained. It has been shown that gap junctional intercellular communication is involved in gastric mucosal restitution following acid-induced injury [23]. Gap junctions are membrane-spanning channels composed of connexins that allow small signalling molecules to pass from cell to cell. Phosphorylation of connexins, mediated by one of the upregulated genes (CSNK1A1) [24], has been implicated in the regulation of gap junctional communication. The MAML3 gene (mastermind-like 3) codes for a positive regulator of the Notch signalling pathway, which mediates cell-cell communications required for cell fate decisions
Epithelial restitution is a highly energy-dependent process. This might explain the upregulation of adenylosuccinate synthetase (ADSS)
, an enzyme essential in ATP production. Accordingly, this enzyme was reported to be upregulated in the healing edges of epithelial wounds [26] .
Anti-apoptotic genes
Epithelial restitution is independent of cell proliferation, cell survival however is essential. Several genes with anti-apoptotic functions were upregulated. This may ensure the survival of cells until epithelial restitution is completed.
The upregulated CSNK1A1 [27] and PPID [28] have anti-apoptotic effects, whereas the pro-apoptotic gene RBMS1 was downregulated [29] . AKAP1 targets protein kinase A to mitochondria, consequently PKA-dependent phosphorylation and thereby inactivation of proapoptotic protein BAD is increased and cell survival enhanced [30] . TANK has anti-apoptotic effects by modulating NF-B activation [31, 32] [33] .
. MCL1 is a gene of which the N-terminus determines its function: the protein product with the extended N-terminus has strong anti-apoptotic properties and a mild anti-proliferative effect, whereas the protein product with the N-terminal part deleted has a potent anti-proliferative effect whereas the antiapoptotic function is less pronounced
Anti-proliferative genes
Several genes with anti-proliferative and/or pro-differentiation properties were found. BRMS1L and DDX3X inhibit cell growth [34, 35] , KPNB1 negatively regulates mitotic spindle formation [36, 37] and IRF6 keeps the cell in the G0 stage of the cell cycle, thus simultaneously promoting differentiation of the cell instead of proliferation [38] . In addition, downregulation of RPL29/HIP is associated with differentiation [39] .
Genes with protective roles against oxidative stress
Excessive gastrooesophageal reflux is associated with enhanced production of reactive oxygen species (ROS) [40] . Upregulation of ALDH4A1, which has the capacity to reduce ROS generation [41] , may protect against reflux-induced oxidative stress. [42, 43] , is expected to increase the survival chance of damaged cells.
Peroxidation of membrane lipids is one of the mechanisms by which ROS lead to cell damage. Upregulation of ALDH7A1 and HAGH, which function in detoxification including lipid peroxidation products
Two other potentially interesting genes were upregulated with functions independent from epithelial restitution.
COPA encodes the ␣-subunit of the coatomer protein complex, involved in intracellular protein transport [44] . The N-terminal amino acids of ␣-COP are identical to xenin, a neurotensin receptor agonist. Xenin can be cleaved from ␣-COP by aspartic proteinases such as pepsin [45] . Interestingly, generation of xenin from its large precursor ␣-COP increases with acidic pH and exogenous administration of neurotensin reduces LES pressure [46] . Xenin levels have not been quantified in the oesophagus to date. ATP8B1 is a flippase, an enzyme active in restoring membrane symmetry [47] , a process that may be involved in maintaining membrane integrity following superficial damage. In addition mRNA from the higher biopsy location, at 16 cm proximal to the SCJ, was subjected to LDA analysis, thereby investigating the expression levels of the selected genes in mucosa that had been exposed to substantially lower amounts of acid [16] . No differential expression of any of the 20 genes was, however, detected at this location in the oesophagus. 
TaqMan ® low-density array validation
Discussion
The most important finding of the current study is that in GERD 
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